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PURPOSE: An image sensing apparatus, a signal 
detection apparatus, and a signal accumulation 
apparatus are provided to add a MOS transistor for 
resetting a signal output line and a selective switch 
temporarily for progressing multifunctional read out. 
CONSTITUTION: An Image sensing apparatus having a 
plurality of pixels comprises: a photoelectric conversion 
unit; an amplification unit for amplifying a signal from the 
photoelectric conversion unit; a transfer unit for 
transferring the signal from the photoelectric conversion 
unit to the amplification unit; and a read control unit for 

controlling a read of the signal from the amplification unit under control of a voltage level of an Input portion of 
the amplification unit. 
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«2s^Eisi i!S2i J3I018PI ?ie moi sag ajzt sssffe ^4-21 sfig« asste a 
a axi sispt 33i§aQ. 
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E la g! Ibte SEll m±m EAISffe 2|SS. 
E Zfc sell A|i!ig!i SlfSffe S7( SISE. 

E 3a g! 3bfe S flii aAlOllOll a[5 S|LtS| 5ii g] SfU°J Si: §21 ^ g3h SISE. 

E 4fe s wasj »ii aAioiioii cEfs omsi strtsi s^i sise. 

E 6S S BJSOli Algsi aSqoiEE g! djs sag BSE. 
E 7S S SS2I flii MAIOIIOII HJS t!S g^?|21 asHH- 
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E 8s s MfS2i w fe'Aioiioii MS& «4: mn^mi m @:iHi eioiaa. 

E 9te S BfSSl XII2 ^A|«I01I ttfS Smsl »i2| S3f fflSE. 

E 10S s gfSHi SI2 uMum turn ^^ Aiia« sssFfc S3^ sise. 
E lis s ttS2i wi4 ^Aioiioii [[ja Aiigg asmfe M3f asE. 
E i2fe s SIS aAioiioii ma /jia# aasffe aeef sst sise. 

E 13S S gfS2| 3SII6 ^AIOIIOII /JSS 94: eSXliElOIl CHB Mi2| EfOISE. 

E uh s X1I7 ^Aioiioii oiE Ai^ag ssf^fe aes s:>\ sise. 

E isfe s ttS2i »i7 ^Aioiioii Afsa saxiiEi g! ^ eaixi>jE|oii uisf sisi ejoise. 

E IBS s fli8 tfAiaioii ms smsi 94:21 gpi- sisE. 

E 17S s MI9 ^Aioiioii ma Alias sifsfe zjBgf S7f gsE. 

1. 501 : EiiS! aa 

Bli!! BtSJ 
ils tt^ Bt2! 
5 : seaoiaE 

6. 505 : 36 ^^?S 

1 : US. sto[s\ m^ exf 
8 . 502 : aa 

10. 513 : m^ S^7\ 

511 : as m 

512 : Us. 

506 : iiS ^SJJI 

507 : =^9 ^-IHS aiXliEl 

18' : §S 6!S ate! 
19'. 509. 510 : SS dS 212! 
32 . 33 . 34 : SliS| S^7| 

36 : as. s^J\s^ ¥»r 

508 : -f-S! «IHM eiixiiei 
&'Aff& S8 



ys as s*i. g! fl^! sxioii ?jsf s«;si sti sfe as!?Ei 
2!oia. 

E la a Ibte gZH 2 XfS 3X11 Sif SXI S^^Ksol id-state image sensing)21 Strips 2}2J EAIoffe 
S?f SISEOiQ. E la g! IbOljAI. §|Ste SS Ete!(1). eJi!! ae!(2). a^ Et2!(3). 

as aeici) s! ssc(oisE(5)g ^msa- e laoiiMs) sisfe a* shacs) 

# Sifgta. E lafe Eric B. Fossum §01 199333 lEOMCift S2 1 : lEDH 93. 583^ -5BB^)01| !S 
3«! aai ay axi SXISI S|S« EAISQ. E Ib^ ISSCCgB/Session 1/Plenary Session/Paper 
TA1. 2-011 S3@ 3SI gy 2JXI »xl2| SS* EAIg!a. E 2fe Sli;'! 2 Kta^SS «P1|S|3. 96.' 
aSB S^SPI ?|g! E lb 2|S2| «!» EAlgtCt. 2| SJi UIOll dS S^?l# S 

gSlte om as 2 %\% 3«| gy axpife ^^.g ^^i^i gj sgCJOlSE OI2I0II S^3|g 

?y8!fe ^4=21 iXH MiaS Sfa. E laOIIAI. Smsj Site smsl SSaOISE g! bll ?H2) HQS E 

axiieig gas otfeqi. oife smsi 37i» wmom wwn^. 

E la a E 221 SISS) 3|S gSfOI SSSQ. 

(1) Mso)(Q3)2( 'm tEoii eiiH sen ei^sife bi« ssfoi Blia i:9isi(QZ)oii 21S11 -^'Siga. 
aoi i;?i*i(Q4)oii 2i«a asitaa. 

(2) BS0|(Q3)21 gj^ tE3| gSegQ. MOS 4:4: ggO|((13)2| g|?l| Sef01|A)£| ffl^a tfS 21 

ill as s! 3§ BHa asHs ?aa »g ssoi s^ga. se7i as ^^7i(is)oii gjAisjog 
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.7|ejaa. 

(3) :i:?l^5KQ1)te a 6!50il 21811 tt^iig -2| SS0J(Q3)2J tHOil a*8pl ?|8H 

n^mma- as a da asei woi tt^ga <a£ ^s!7i(i5)oii Jiejaa. 

(4) ass :'ta tisa a a as as« tis^f ss da aej a# ^?i^i(ib a 

mm s^i^ia asstoi mci3 gj atz} aasa. qs mmM. bi^j! a! 3S mia 
asoi fi^(i3 gi 14) ^21 xi» :jiii.nf°SAi «|7IB 4= acf. adbJt 4^^! ^ih^ aixiiq(i2) a 4 

ams, E iboM. stuei Wife sms) ssaoisE a aii j»si hos esHjqieig sas sm. mm 
xiiEiei 4^fe E laoii am sm xfois s^om. ±mn aaoi awi sta. oife sjdk aji* 

a* i!i:?lx|2| J^XBS 8iai. £ 1b2| 2t±fe !rS5|3ia §2? Sfi2| Sgg 7|2!8ffe 0||?1 

US9 ?Hitsw eitect. nfEfAi, agoi aiTia 4= aia. m as as a as hi 
g. ^ s/N HISS E laoiiAisi Higaq aq. 



& a^gSI ssjg ^si 37|» aiA|3|fe aOIQ. 

& sasi Qs ^sjg 5hi°i cfoimai a?ioifAi£i a^s a^xishfe aoiQ. 
s ttssi aAidioii tag. gaspi ?isti. as 4=9. sa as ^ass^eist as* 

s^Ai3Pi $)ef 5^ 4=0. aa as* 4-e!°s¥eisi asi 4-e.>2£ s^spi a* 4=b. 
a 4-9 ej^¥2i aifflai sioi moii 4>aHS¥Ei2i asej s=g xi\m\y] ?ie» xii 

01 =^Qm afzt Ssfote ^4=21 ail ?Uia 2^X1 SxPl XJISSQ. 

as SAIOIIOII Hjeg. 4=Ch. 4ctog«qo| Aiga ga/upi ^Igh g^ ^Q. gg =^30 

s¥Eisi as« 4=3 °s a^spi ?ief 4=9. ^ m^ 4=b a?^ ¥2i a a aigje) skh moii 

4=9SS¥ei21 dS°| a^S MIOiSpl 5!^ SiOi 4'&e aiat SSIsife ^^si =?»m 

as g« wigaa. 

SE QS ^AIOIIOII C£|2g. ^2! 4.cio£^ei21 as« S^a|3|,5| ?|e} S= 4=B. m 4-B 

°s^ei2) aai 4=B£s a^spi ?is a# 4»s. a 4=e gj^^2| ggj 91121 m ti 
oil 4'B°s¥eiHi as2i xijoispi ¥19 ?m m zfzt aamfe ^4=si as 
& as sno\ nssQ. 

a?l SSIS SISfl. Sfi SEfe ^21 37|?J 2f4:« 4 SIQ. 

mite as poime) s?ig saa 4- siQ. 

s MfS2i PS ^^ a ^ss Esaj aasioi as asae^Ei ^mm. 

m mxi ;ai9 a/ioiioii;M g§si2! ^sg ^i^sfQ. 



E 3aoiiAi. son 2ISII ^^99 gsi7f agqoi2H(5)oii ir^acf- as aaol m.nn^mm% m\ 
as s^:?i(3)2i ^^ exfoii asjaa. oiaeh gsfi oisi gsies xiseiQ. a# i?i*KQ 
Dfe as 8^:^1(3)21 BWdj as ssib a^spi ?isi) Jiig-vwiniaq. as asu a^spi « 
E? 4=s°£Ai. ssqoi2E(s) g! as g^?i(3)2i n^ mv\ i?isi(Qi)oii 2)sti aia a^isis 
s saaq. ass 3^21 aa sa^ii^eisef omy ^421 mnt^m\ 2isii ggg ^ ojq. g 
St a# 4=EfS 2|oi£ siq2i am-atf 41hs aixiigs ^^ig 4 yq. qAi asij/d. s ^ss a 
s gM7t g!2|2t 4B01I 2jsH as s^3i(3)2i 9^(011 a^s 4 afe es am ae 4Boii ^«! 
eifcq. 

01 Hfl. Ei«! ssf as s^?i(3)s¥q2i ase ^isjsra as astei a$ oi* as s^ji 
(3)£¥Ei^ s^oiiAi as as§ aas°£*i as asoi jiiJii 4 aq. ^si 5sqoi2E(5):»f 

DBB ESqO|2E(buried photodiode)2l EIS gSf Aj gaS qgfS ma aSO| ffisqo|2S 

(5)g a?iisos*i smg 4 aoD). as sisii asqoi2H(5)2i vsi s^oi as amsi s$ ai g 
a«i ggsia y :?oii so smsi 4te «!» goi st 0 mxi 10 fflaiegoi aq. 
E 3bfe 2 xfasjog Hiiaa ui2( ±921 aoii zf aioii qsh Aig gs^ioi mxi 34).7t ss a 
s M Bteia)oii aaa ^^ehi EAisffe sisEoiq. as s^^io)^ 7igsjos qg-a^ as s 
^.71 qH(oii2i a^t assta. ag(8)oit gaa ^nmm 7iaq- oiy© ^o\s.h. 7ie g?i§ 
Ml a7;ia sa#aoi seot =?aoiiAi as g^^ioi uixi 34) sstAispi ?i5ii Aiga 4 aq. 
aeiq. as s^7l(3)te ^sioil qq sm2| ixi ste B 01^21 ixfe 4 ^ 

ssoiiAi. as g^7i(3)s as g^.7i qwoii^f buji sis sEfe Jta^i siss asa qs 
-a^ as s^.7i sis(3)e! aoi gemq. e 3boiiAi2i as g^3i(3)2i ¥8K36)7t as g^Jio) 
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atfea. dsi ms\ ei^ 
aa) S21 saoi zv d 



I ssmoi a^ 




:?|2iaq. 

!X|iiE|(3)g S^m 



r7i(3)2t a^ a-^toii a ^ SI 01 a 
as. ^nm^sM siai .7ieia as ds a ds a«fs @ 



e^ll (1) LIUI (7)011 2ISII. 5 

J as ts? eteioii sfi dss s^jspi 9is f 



1 ¥1611 «1>1B 4= 




aa as^ vfe ss 



<4-S{4|:> 



F= \/ {Iconst/^) + Vth 

Iconst : gS0|(Q3)S| ^SJS-M 3|fe8ffe SS#S2| S^a 

Vth : 71B Hfoioli: sag ssmfe Mos &n ii?i«(Q4)2i 81.711 gg 

P : ^9|X|(Q4)2| UEHllfe ?3E !If5JD|El 



3^ gsfa 4=^Sp| ?1SK)). Iconsta 3311 a3«|0f gtq. IconsWt ?lXia. Sf3| 4=e}<i|0l|A| 4^ 

sisoi. asH ;:i:?ixi(Q4)oii/Hsi agf asw u^gsjsixi g}?ii 3isa. 

aeia. aH!£|x| as a &»2| mos gsoi(Q3)» ?asite mos ggixiiEioii off agoi gj^gg. 
a«a} j\iiumiz^\ ¥:'fE|X| gffea. aiat^i. aaj ^?lx|(Q4)e) ^XH Bigoii as ctoiuiaj gi 

S a^SS 3 aal s^sii upl ?lef asf axi Sxidi ^SEixj st3. if3| aioiiAl sspoish q 
aoii as as ixtsAi xpi aiAia oisskji aioi ^^ga. 2^tg^os miagfe w\ as sxiwi 

^ tfSS SEgf E 3aO||Al 2SaO|2E(5) Qiaoll BS ?1DHA1E1« OlSSfOI «S0| OlWSa 

oiissjoti s!sa 4=E oiia goi. 01 otkrea DiieEjoiixife. of^sn cj|oiEj7j ehi! stejoii 

2!?N01 Q221 Qlg g«8(01 SS ?1DHA|E|01| 31^80. SS ?HlHA|E|Oi| 3|^S OltfSa aiOlElfe 

asM e^mte aaf sas mm\ sish e^aa. oii» gs. oi ohasa miasife smg aoii 2S6 

n 3Eab| SlltiS. ^ 8-U|E qxia EIIOIEIS 8H+2I Ojasa QIOIEISAI 3|^3JE^ ^31IE|3. 1.000.000 

§s ?saa. a aaf. e-Mum oiaen mss\j\ xiisa * aia- 



oi^ysj ggoii 3128101 :i3|i Liixi HI9 tiAioiiss 6fAii§i sssiaq. 

E 4fe an flA|oii2i »i¥2i §31 sieEcm. £ sfe e= Alils ££8( aastfe hii ^Aioiii 

SPI 9ISf aSEOIQ. «|1 ^AlOIISl SSqO|£Efe E 6011 EAIS 313f ao| Dliag SSqo|2E0|a. 

4=3^sAi Jifesi-fe Duas ssqoiaEte ns ^2ia 7is(6oi) 6fsi pa IS g^(B02)oii §as ng 

S(B03)OS¥E1 SSaq. nS S(803) £fO|| 138 pS aE©(604)S gfSS(dark current) gfX| H 

B#oiq. pg SI g^(Boz)i» 3II0IS s^ceos) aioioii asg(607)oi §aaq. £ 621 jhoim g= 

(B06)g E 421 gg; i9m(Q1)2) 3||om g^HSAI ?IS8ja. E 42| g£0|(Q3)2| 3||0|e g^o|| 
n*g g^(50S)0| a^SP. £ 421 SS01(Q3)S1 ctjjjfe £ S2I dS 8^^ e}e!(503)0)l 9^ 

SQ- ssoi(Q3)fe as tt^ Ei-ei(503)# s^^moi s2f?a(si4)oii g^^aoi ib^i: seoia gg. 

Sf2 dsB g^Stq. £ 40IIAI. a# i?!X|{Ql)!5 SSa0|eS(405)0ll ipSja gSH as g^3|21 
BXlSAi 3|S8ffe gS0iCQ3)2l 31101gOI| g ^8P| i?l*|0|q. E 40IIAI. £15! 

(Q2)te Ei^ii aa(402)oii asa aejs bxioii a^8i3i i?ixioiq. e soiiAife. assoi 
« e^aq. s*» Htfif aoi. as as?f axi b^sio a} ixfofqoii sma as a s a 
s ?iiiiiAiqgs ?aa as ^2S!7i (506)011 sxiaq. s as?j b^ekh as ^^3|(sob)oii 
sxiaq. as as % & as3j as ^msosis. e^a wi. as ^s^5i(sa8)oii sxia as a 

S aS§S -i-S ❖IBS aiXliEIOII SISII i:9|X|l(QHnk S QHsk)# W&HS*! AI7||g gt4)0S 

as diss 1(509) g! g# as asj 2(5io)s ^^j^es a^aq. 27W qasi sisg. ^ las a 
s s! Dis sism oissfoi s as (=s as + as as)s^q as as (=as ^sm ssiaq. 
a asf. sii uioii a asi a^: i:¥i3tig nmm sjimz as3i s^a ■i' aa. gsN i9ixi se 
as §asFxi &3 S14: A^o|s3^ ^^a 4- aq. .3iiq7K saiai s»2i s/n uisi gfs s/h uuf goi 
a aq. 



E 8S| On gl Qsfe as ^2i7|(50S)£2I 7\^ qOISgOiq. 

£ 7S as 5^3|SA1 Afggfe g£0I21 EAjSiq. =a afe XIII ^/|0I|2| a/g 

a s^g Lteiuu. ggf Afe £ia gaoiq. ii isoi2i ga cfe as as^oi i^a 
gfc sjxi gaoi3. si3 as asi b= aioii ae^ss asaq. ^a bfe g^ as 8011A121 s 
m ttiisoii qoiLflai w9|oi ^01 goia m aoixite qeiyjq. ^Q cfe ii: ssoi7( s ^41 
31 aPl^HS 5}S oms 3ta ail aoixi^ aa» qqyiq. 

E 821 ^?i Dfe aai ?7ioiq. Bii!! gsfoii 2I3H em& m 612! geoi(ci3)2i ^ Bm\ 
sa c 01^21 ga ga§ a^sas*!, aaa uiaaia son a^ ga c dibsi ga» as^if 

SSW. S asj 0|¥3l 3?S!S|Hq. 

E 8« S2E610) §51 tfsi 6i-?«q. aa gaoj 8i-oi aias *oii. am s a2i ena i9ixi 
(Q2)3t a ssEiot ssoi(Q3)2i 3iioie ggoi sfoj ms. ssq. Jiioie gas. as i?IXI 
(02)21 3II01E gaol Elia gg2i gaeq ^s a^oiife si^ mm aa. Efe aia i9ixi((} 
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2) 21 71101^ gofoi aasi JL oima a^oiife :i,mn(.az)si saea 

EJii! A?1X|(C12):'[ a SHa3. »S0|(Q3)2| .:)1|0|e3( gse ygpt £1 ^01|. gS jMS 

(509)OS2) i:?|i^l(QHn)2| QnOI a gS13. 5|« gsf S!?2) SS aSO| 4JS (50B)0I1 

Sa(E 821 A). 

aaia IS an ssoi(Q3)2i :)iioim aaefoi uiaaia a if2i gsoi(Q3)2i Tiiois ayea 
aa Msm. at asi as m eta «oii hh^is sswsss^eisi sn^i aajs a2i 
asoi(Q3)yi soto) saa. as!a s asi m£o)(q3)2i jiioig gaon qgsfte ggfoi 

QnOI S £58 *01|. g^ ^?ia(Ql)7l g ggoi 5Sao|aE(405)2| S t!S agOl gSOICQ 

3) 21 mms. a^acKE esi b). 

gSOl Q32I 3)|0|e BXKSN S*a aSf Qsig gJ ?|1I«A|E| CoOII OlSafe 6(Sf Q3ig/Co30| » 

aaa. a« i9i« qzsj asss lai, iri: bsoi q32| jnoisfe ^isoii a as 

aasAi tsa* affgiq. ii gsoi 0321 3iioie ggfoii qgafe gets gsois^Ei 

MSOl Q32I 31|0|eo| gg}S SSf gSKsaturation charge)2| fi^ A| SIXUPl Sa. gSO) 

Q32I mm s^ms oisa s sssi gsj saoiiAtfe ^f^i aaoi uiaaia 1 &^2i gsoi 
Q32I mm S3a a« sia q feqfe ^loi gestq. 



513! aasi gaoi aias asa a« it9ixi oz^h as/aaMgoi isot 0321 jiioim 

sag 01 MSOI Q32I gSfg ?|iA|€iq. 

qoimsi E 7fi sssfo) aai 2!oiq. g WS2I ^am:'! ?is[oi. iefl2i am i?i 
^1 Q40I1 2ief ly aHt2! aan £ 7011 uEfaa. ^as a. b. cfe at7i s i>s2i sti. = °m mos 
saxiiEi Q33t aa snmi a^j Q«t aaafe s^si si^st. e uoh uety ^21121 
cilSJ ^as qeitaq. M^ ^AioiioiiAi. ii: sso) n^ n^iS q3(dark;)^oii gpiga. gii» 
Q» eiia aas 02011 21S11 aa ggt^oii spisq. & asisoi s^moii ii^i g 

soissi. ej^ aefoi sfstsq. aef^os. qs^ ^21 as ^as saspi misoii. aetoi m 
s a^oiiAi agaoi asas^ sioioi: sq. s ghgs) sioiiAjfe aaaoi e 721 gg^ a m\ as 
s 4 axiy. S2H2I sioii^fe E 721 gg BziwEj Msa * aq. ois a3f£¥E). s gra2i 
ite s^ae qoiLMsi g9i# 7igqfe aoi sfoigaQ. ^81. gg ggjol US &nmM. oiaef 

cm ^saxiJii 33, S3EI2I sst sa aas e usi sea2i si-ioiw aq at iv ejg q 
kiq. 

E 9fe ;ai2 aAioii2i sji ^gsi gsEoiq. SES. E 10s M:i=mm sestfe siz a/ioiig 
flsspi ?ie sisEoiq. 3912 ^Aiaisi ssqoi2S(905)fe nil aAioiioiiAi2j as oiiaa asqoia 
Eoiq. 

as g^31fe MOS egiXliEl Q331 THgiClOlDHS e)a gSr^lS ?aE|3. 3| MaiXIAEI 

oil um a s^: eioias m saioiioiiaisi g^y. 

aq ?xflaios. MOS saixiiq Q3°i sg^ oidiTiu 0121 mm aas uiaaja g ysi mos s 

aiAliq Q32I PllOie a^ElOl MOS g^Xlig Q301 SaHSq. a^ia ffl a-21 MOS £^1:^1^:^ 

Q32I 3iioie axffe oloi ams. aAis<og aaa^. & asfe mos gai?:!^:;^ 0321 phoim qx\s. s 

^Sld aaia a' £f21 MOS EEa^liEl Q321 Jl|0|e cjxf2| aaOil PlgElfe aSl ^Sl A1S(1014)S s 

stoi ms^ii ou. s asg as!!^°s b^jepii eq. s as a as as2i eioisss «ii 
aAioiioiiA)2t aq. a^ i^mn Q2S¥q 2!:?Fa aia aa aefg ^as qoiuiaj asspi ?i 

Slot »|1 4)A|0l|0l|A|S!( itq. 



aa 3311 S3f eg!x|AE) Q32I Jijois g^oi ^a a^°s¥Ei saa^i mgoii. g^ 
Q121 ii/Eaie! 9E?°SA|2|. ^a g^s ?iioig g^ogAi sig Aigaq. a s3k sii a^ife a 
:ia 4 afeoi. oife xin a ai2 ^aioiioiiai a# i?ixi qisj ii/Eaia a^2SAi2i ma g^si a 
If 3711 asi Mi!!xii:q Q32I ssiaeis Tiiom a^« a^spi ?ief a^2) ^fli. ^ mtt a 
¥Dife oiiB as a^a s^appi ?ie! shj^. ga^Eisa niis «s s^appi ?ie smj 
¥. 5! oils as a^g« Ais a^Appi ?ia as g^¥2i ^xiis eie aoiq. 
«|3 ^Aioiife p-XHa as a^ll ssf sgixirf^q osa siajeq. uiaaia Soiife stoi-aia! off ggtoi 
ei^aq. aaia sou mm. aas ef (i/2)«vdosi s gass SAiaiss qjagaqAi. s ass 
a« a^ii S3h &a!!xi.!.q2i J1I0I a^og g^gq. g as^i «ioi 3^°£ a^a 01 »ioi g 
^21 aejs smtiQ. m a^2i aefi* aa aa §q aiS + misoii. s iiiAife qoiqaj 
s?tfi S8IX1 &o\Si XI aa aaoiiAi s^u 4 aq. 

E lis »I4 6|A|«|2| S3iaSE0|q. AH aAjOIIOll fflOjAI. MOS egx|-!,Ei(1114)fe 3312 aA|0l|2| a^ 
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w uMmon WM. tis. §^m sat vinss sa, 6js Etejdoos) sjsi m sas 

Vout2£ tS\B. VDut .= R*A*(Vin - B)Sf S\m. 0{7\M RS JfSf ;qgf(I0t4)°| XlUSiOU. A g! Bfe MOS 
MSIXIiiE) Q30II mS 3ff IttStDiEIfiOia. 

»|4 ^Aioiiwi aoi>H. dj2 s^7i2i ei^ sa« Vinos 8f3. ajs Efe!(iio3) asi m aae 

VoutoS Stg. Vout = A«(Vii> - B)J\ E|D1. 0)3I/H A g! Bfe MOS SgixliEl Q3 gy MOS ^8K1114)0|| q| 
£} 2S JKEfQIEllOIQ. 



E i2fe 7315 tf/vioi|o| Q^ n.\s.m e/iea. ^=4=21 mos ^mn^e^ cbsj 

msi HMm\ ds Bt2!(i20B)oii gaaa. ztaisi sgixiiEioii mtf axt a:^ et 



8Q. 

5148 Vres7f MOS eaxi^tEl Q32| 3II0IE ex(oi| e)^« Hfl. MOS egxiiEl Q3S II: 

11 = {(Vres - Vth) - (VA -VBE)}/r1 
§ 5E!a. 
SS 12: 

12 = (VA -VBE)/r2 

?F r2» 3ffai>M *s:>| WISOII. |3 { = 12 - H): 
[(VA -VBE)/r2I - {(Vres - Vth) - (VA -V8E)}/r1 

fe S8!3f mOlgSt gaXjiEj AtOIOII gsa XHS rag 3^811 oS3. exf VB(120B)fe ggl VB: 
VDO - [[(VA -VeE)*r3/r2] 

- [{(Vres - Vth) - (VA - VBE))*r3/rl]] 

'-attQ. s a&Ji MO 

Sm\ Vres - AVS » 
VDO - [[(VA -VBE)«r3/r2] 

- [{(Vres - AV - Vth) - (VA - VBE)I*r3/r1J] 

S BSJSKIf. g AjS as AV«r3/r1g BUS gsf * UfS SXf VB(I208)2) gg} VB2t S dSS HOS e 

aixjAEj 0321 3iioie Bxfs ?3^e * Bx{ vB(i206)2i ga VB AI0I2I m\m 3!it>t.'esiAi aoig 4= 

21P. 

«|5 6!A|0l|0||/d. £E BOII £Aia g:i:fc ^^21 SgOII gA|0|| eiJ^Oj 0|1« S/|0|| i^S!!E^a. & 

ttg exf vBoiiAi tfi dsg£i sttg ?]oiiAi ^isaa. wis gi h|4 aAioiioiiAis, ssol sola 
4= sixisf. da^^ol aoig 4 aq. ^^si. sa sh ^ aasi^ mgoiiAf sti dssi #woi s 
xt vBs mEQ. sen uH^m aoi. tiaj i^ixpt aqsg. uids t^ssi gxMs gsH 3{(!+ 

(addition)OI g^EB 7tX|3 4= 8iq. IlSjU. g tfga Qoio] ys^ i9|5c|g gaS 5t 

XI afji ifflgoii. 3idoi fes ssfEs 7ixu smm 4' aa. 

Mil aAjOIISI MS. mm\M. S. m\\ EAIS CHS Et0|°jos 24 Sti eshxIAEIOII aiJfSQ. 

XII6 aAioiioiiAi. uiaej =p,7|goh. eii!! goi ^xig3. ei« aasi aae bi^ji i^mn 021 
as3ii>M xi^aiHs 2!7iaq. :i?i^i Qioi 8ioi a aia Afoisi aa°s asaa. 
nf^Ai. a^ i?isi Qis ssixiiEi Q121 j|ioie gaoii sioii stHgs aiffis aastb ag amgs 
saie! 3I&S ssfsu. 2ig stiioii cue as^sa^f goisa. ebibs aiioi sgixi:^^^ Q121 gi 

:NI aaoil SIS8PI mgOII. egixi-^Ei Q]oj juojg gaoi ova moilE egiXliq QIS eaiXliEl Q1 

21 sJii saoli 2is8(fe 4=a amis Eaiass atsffq. 

saxi^^ei i?ixi Qioi =i^s stHss saia°g sfssi^i ?)8hai. saigj-* aas s&f sioi aiss 
sfe ?i2i sfoi aias asaq. 01 a^oii. e ia a iboiui eais am m\. am :i?ixi w?\ mx\ 
aoiotsi Sfq. s tt-ss sgqoisEfl ^kdi afe i^s} mos saxiiq qbsj ;i|o|g sxfs./H2i e 

aieiS ate SaXl^i^ei qioi S^aCpentode) gSfS) d(0|01i!i sag Bl^tqg SaXliEl QIOI 

4@ smie Eai8!2s stsaqfe 31s g«9i5? 3??^ wasiE^ em. sis aAioiiaiAi. 0121 j\\ 
ois aaoi SEH 8HXI0IIAI aq yjii flgsia. sia aa2i yg aiajg i.5vg tfsact. q^oi. 01 
aiffl gas m aaoii gq. mis aAjaioii/,1 «i esnjci^^eioh aiet «i qoiaoi 
H|i aA|ot|oiiAi2| as uHsiay omai yotate aAjoiiioiuisi as hiixioii nsm =^ aq. 

£ 14te XII7 ^A|O||0||/M 2i S|i2| SIS Bllxll £A|«iq. E 15te S|:t SaUliEl S! PC 9 Mgi! 

x|iEi£| Si eioia a dS e[2!(i406)2| m aas eais Etoia jttsoiq. ;q| 7 s!A|oi|oi| 
ttfS 9^ SISE £ SOIIAI EAia 9a ^^JKSOB) a 4=S *IHe a|X|iE|(S07)S ?asq. ;q|7 a 

Aloiite Bia aaol S2I2I Ei« gs! 5fs!§ >ixixi a}3 ds 2{ei(i408)e g^sii £i?taqfe s 
oilAi ;g|i S! xIIB ^Aioim q=q. ^. dS Eie!(i406)s sjoxia-ei q42| s/zb sehoii sash 
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0) Ams gfa°s n\\ si mib aAioiisj iis Eiej a ei^!! ss°s sfgsq. 

(507)011 21811 i:?lX| CHn g! QHs« a^^ioS ?l|gt/lS|iHSO£*l gS 6!2 B»e!U50g) gJ gl (MS 21 

e!2(5io)s e^Ei3. m 5!^.7i(5i3)g a^sii/H s§ dscsii) a a ds(5i2)s/<i 21^ 

s H^aa. 2|!? ©^7l2f0| 49 ^APiefojBt gaq. 4=S ^Al^lZf eiiU QBS SOI 

5?X|£|3. M6 tiAIOIISt SAtSWI. eiia gS(1402)2| SgfOI Eli!! QB g! EgBXIiq Q4# S»8H 

Al tis m^ ate!(i40B)os xi^jaog oi:?tgq. Q10I sfoi aigy a aiS! AI0121 a 

tfaaa. n^efAi. ^asi qis MaxiiEi qi£| jhoie aaoii sisii s.mms. aiais as 

3916 aAldia maSllAI. dS|S S21 aiS^ElSI ilS ^S|?I(506)S H^fi HIIDiq StHSS E 

aiej 5ife# gs8f3i 9i8a^ as^sixi gts yasi aioiiAi a* qis JHsa. si? aAioiisi ? 
s aaoii iijEi. sst sa^h NTsc aioisg a^gci. m. asig ssi 5fiS¥E|o| as^i qsf lo/s 

01 ga!( 3|y goil ^2^31(506)2 adE|3. 0| AjS ^a?l(SOB)°l SS?! Cllgf SOyKsSI ^'S 

?pAi.7iy goii 2i¥s &^SQ. s.ms. Eaiej 3is ^lys ^sihs cng| asi Piysi v%o\j>. 
QIS ai¥S2i 7iej soil euias saieiosAi safsjos stseia. 

£ ISfe & S21 QHi. a QHs. ^. i?|x| Qn g| Qs. ilBliS IS ^fel Si^ SS. £11!! Sg| ^ BIS 

eiia Ejsjoii gas aiii! swi e s/2H(8ioi/s?.)ot.7i ?i» bii!! i?i« 02. as asM s^e * 

S i!S» e^SPI goll MOS MaXliElSl JllOle oja gxiolj aEa012=S| SSlg g«8p| ?ligf B 

^ i:?ixi Qi. iSxi QI21 as ^ 3 asoii qssite astoii otsi aaste mos Maxi^q Q321 
Jilois ^^ aa. eia gespi ?ib ei« ir^i^^i Q4. sa# ^srig mos saxi^Ei 0321 ^si- 



£ IBS MB UMOSm ai^ei S3f gSEOm. 4»S 2Blg£ saie! MOS EgxiiE) Q571 «|7 AlOlj 
21 Sli: aHXiai gJlSa. araOl mos Sg^qiEl OSei .71I0|e gojOII 2|5|| aS3 Sfe mos eai! 

Xliq Q52I 3II01E ggf = MOS SaXliEl 0521 HaiS! = VDDS) 2f3ll# e}i^A|?P| ?|8tlA| ej^ll B 

aoi saa a?oii qsHAi atoss aiiioj aissisjci. w ^AioiioiiAisi tjsi ggie gsiiss xia 
01 ^ag2t:a. xiiv ^jaioipi sn^siei a^aomtn a-^iiEiaci. nu ^aioiioiiai. mos Eajji^ei qsoii 21 

Sf 2H1BS £912101 ullxlEjXiei. 4=5! 2BIBS =2lle!ol UilxIS 4= SiCl. 

»I9 ^AIOIPI E 178 ifSSlOl ag-a' 3!0|i:}. m ^AlOIIOIIAi. X1I7 ^AIOIISI mix|01| Q4'3l ^Jlgq. 
4"a ?APIif §2J. fll7 aAlOIISf 4?-Al5PI|. 0471 g BSiH 04' gl Q4'0| 92593. ^aXliEl Q10I 
49 2H11S Hai2]2S SfgSPlI SCI. Al. Q471 S 2H£ia. Q4' gi Q4'71 aSE12. HQS 

xiiEi Q30I ^ s#ei is. ^ ssol isi a &a g^^i ^asi ai«g ^issi 

711 SPI 9|§tlAt sssq. 

^S| 0471 a2H£13. Q4'0| g!S£l3. Q4'0| S2HS13. Sll ^AIOIISl «AtS17ll S£01 S^a 

^fflspi ?i3HAi aa(i7oi)oi vDos asacj. 

yaOII. Q47f g2SE|2. Q4'0| a25E|a. Q4'01 gS£13. Xil4 ^A10l|21 S^AloRl MOS gig ni 

=s tf«si7i ?isiiAi aa(noi)oi axiaq. as! i?ixi2i ^xhs gsn !=?!!Aii!:Ei csoi ggi a as 

m SieiOII qSOPI rqigOll. ¥101B flSSOj gOia 4 a3. E!XI BS S|S(siiiiple circuit)Pfg S 
718f2S*f Cf7|fe^ 5.1=01 4= mm. S^7| &=011 Sie square addition fi^ g! 

■ iiii gsol s=oii 2is! bottom aaol asaq. 

m aAlOIIOIIAI. MOS eEJlXli:E121 4fe eiflOll e)5i! aaa g38171 ?|H! eia i¥lx| Q4. ± 

i gSOl iaOIIAl B^3 SSS ii:e| VSIS ^71S17| ?ie MOS ea!!X|i,El Q32| ^8121 ^tfl Sffe 

¥si i:%i*i QI". s! VDD« §3817} ?ief asi Q4's eigoia a^ :ii?i«oii 21 

SH 371! g7i8fe a»i§ aact. lo.coo ch 100.000 g^aj uiasHAi. »xi@ g^oiiAisi S3te dh^ 
sicj. dsi i?i*i2i ¥mai a\jm/i. s n'S noim.j\ esa 4 hq. q^oi. ag as7f ai 
Tia^ 3i°s¥Ei B as2i ^jehoii nia iaoi asis 4 aa. 

um ifoi. an uixi sia aAioiioii mstAi. »^ m^fe sii sfe ^ lh2i as §^3121 e 
x^2| gsia, ^. aaa isaoii me 3x121 ei« sag aait°5*i as^siTiu asiiSEixi a« 
4- acf- gai ffl^ as« i^mt as2i S3i§ a7i ?i!sii/d itxiis 4 aa. 

M'^.S' .ffJ'/ 

sii ste a Liioii sua eg!xiiq2i 4=fe «i sfe issiffq. as s^7i2i asas 2121 
21 aai i?ixi aoi as sa g?i uiquai asa 4 ap. cmoi. q7i& e^s as 
isoi SIS a ya s^7ig asspi ^ik as m 21a a aoi -5:?isis baij^os aiaspi ?ief 

MOS SSI!Xl:!;e|l S7ia°S*l ^18 4 KCl. 

s »S2i ^421 DH? cts 6iAio!igoi s gfS2i sa 5! a^di saoiuxi ?aB 4 aa. s sf 

as. §¥3 Liioii S2ia ag siaisu. saiiai moii ^sa ^aiqiioii ^e»stxi steafc 
aoi oisfl£ioiot sa. 
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gg 

Af?i aa •j'Sos^eia) /js* s^st^i ?is 4b. 
fef^i sa ae "^SHs^eiei a?! as* 4e°s jg^spi ?igf 

spi ¥ie s^ «ioi 4=B 

§ 2t2t susfe ^'^s^ md^ms. g^t axi m. 

siiifoii 
3 

UTS 4 
5 

HIIS011 aoi^. ^31 s^ 4BS 3f6fg2! aa sn. 
6 . 

! sm 4B2I ^31 Aom aaa 



S?tf 8 

as as sa. 

fefJi as »yH£¥Eio| 6!s» s^8^5l ?itf sy. 

as sas) sf^i dsi s^^i §^ sass g^sj^i 9igj sa. si 
6f?i 5^ sasi Bwi SHIS) gag a^si'i ?is ga a^ »a 
g athsffe ^421 si-i#£ ?aaa. 6f3i ga a^ sas a^i sasi #31 a^ b»2| sst 
B^M^°m ^^3| saHs^qsi 4^31 dssi e^g Miojsfe axi m. 

s?tf 9 



10 

nmm mn. :y3i ^as as saxii^qs airmfe 3x1 
§=?s 11 

aiBSoii aoi<M. ^31 sas Msoiae! sa m sn. 
12 

MiBsoii mM. 6t3i sas 3f6}S8! sa 

13 

mmm &o\m. a3i gg fjag sg as ^a a a3i sasi a3i a^ axi ajoioii aa 
@ sgnxiiEig atfsfn. a3i aasi s^s a3i as. s^ wasi a3i a^ mm a3i ssfgg 
asfAiaas*! «ioig3. gas ui-s^3i2f ss? a3i ssaxiiEjsi asaoisEoii msit Bm\ 
e!3iEife sa axi 

14 

siBtsoii mM. ,4131 «iot «ys a3i saai a3i a?? bxkjii gas a^«3i ?ie 
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a?» 15 

01 oil uHxis a^f axi sxi. 
a?» IB 

i!s as s«ioii no{M. 

4&°s¥Ei2i ds« ^f.7i ^bhs g^spi ?is 4=9. a 

Bpl ?l& HIOI 4=B 

g aesife ^4=21 ^ss as a« 

§?» 17 

as ^i^sxioii HoiAi. 

£f:i| ^S! 4=gosi=.£|2l dSS g^spi ¥|e} 4=9. 

4f?l 4=9HS!?£|S1 feOI Aisi a:?! 4=SSS S^SPI ?|sf 4=9. S! 

4=921 a^¥2i aa aiisi xiioi m\M §^ 4=9°s¥6i2i ^'i dssj e^g jjioi 
spi ¥ie ^^ JHo\ 

g 2t2f agsffe ^-fsi ags =?as ds 
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